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Abstract. We have observed microquasar GRS 1915+105 at 1.28 GHz for 8 days from
June 18 to July 1, 2001 using Giant Metrewave Radio Telescope (GMRT). We have seen
several isolated radio baby flares of varying intensity and duration. We have also observed
broad composite flares with rise and decay times of few hours on June 28-29, 2001 few
days prior to when source went to the “plateau radio state” on 3rd July, 2001. These
broad radio flares consist of several overlapping baby radio flares. The source was in the
low-hard X-ray state during this period. We compare these results with 15 GHz radio
data from the Ryle telescope.
1. Introduction
The long term monitoring of microquasar GRS 1915+105 has shown broad corre-
lation between the X-ray and non-thermal radio emission [5]. The radio emission
in GRS 1915+105 can be classified into three classes; (i) the relativistic superlu-
minal radio jets of flux density ∼ 1 Jy with decay time-scales of several days ([4],
[3]), (ii) the baby jets of 20 − 40 min durations with flux density of 20 − 200 mJy
both in infrared (IR) and radio ([9], [2]), and (iii) the plateau state with persis-
tent radio emission of 20 − 100 mJy for extended durations [8]. In the case of
superluminal jets, the radio emission has steep spectra and are observed at large
distances (400 − 5000 AU) from the accretion disk [3], [1]. The radio emission
during other two classes has flat spectra and they occur close to the accretion
disk (within a few tens of AU)[1]. The multi-wavelength studies have indicated
strong disk-jet connection for class 2([7], [2], [11]). In this paper, we present our
radio observations at 1.28 and 15 GHz during June 18 to July 3, 2001 (just prior
to when source went to the plateau state on July 3). These observations include
faint radio emission, isolated baby radio flares riding above smooth as well as
slowly rising/decaying radio emission (broad flares), and large radio flare (∼ 200
mJy on June 20).
2. Observations and discussion
The 1.28 GHz radio observations were carried out with a bandwidth of 16 MHz
using the GMRT at Pune, India [10] on 2001 June 18, 22, 23, 27, 28, 29, 30 and
July 1. The flux density scale is set by observing primary calibrator 3C286 or
3C48. The integration time of 32 s was chosen. The data recorded from GMRT has
been converted to FITS and was analysed using Astronomical Image Processing
System (AIPS). The details of observations/analysis is given elsewhere [6]. The
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Figure 1. The RXTE/ASM flux (left axis) and hardness ratio (right axis) during June 17 to
July 3, 2001(top panel). The observed 1.28 GHz flux from GMRT and 15 GHz flux from Ryle
telescope are shown in bottom panel (5min bin) for the same duration.
radio observations at 15 GHz are from the Ryle telescope at Cambridge. Details
of the instrument and analysis can be found elsewhere [9].
The RXTE/ASM flux and X-ray hardness ratio (5-12 keV/1.5-5 keV) are
shown in the top panel of Figure 1. The radio lightcurves at 1.28 and 15 GHz
produced at 5 min interval are shown in the bottom panel of Figure 1. GRS
1915+105 exhibited significant radio emission on all days, except on June 27,
when the source showed much weaker radio emission (∼ 5 mJy). Figure 1 brings
out following important points:
1. The radio fluxes at 1.28 and 15 GHz are consistent and suggest a flat radio
spectrum during these observations except during the large radio flare on
June 20-24. The flux and decay time of this flare suggest that it belongs to
the class of relativistic jets. The higher flux at 1.28 GHz is consistent with
steep spectrum during the decay of this flare.
2. The X-ray hardness ratio changed from ∼ 0.7 to ∼ 0.85 around June 30 prior
to when source went to the plateau state on July 3. The RXTE/ASM flux
becomes stable at higher hardness ratio. The X-ray hardness ratio suggests
that the source remains in the low-hard state during this period.
The radio light curve observed on June 28 is shown in Figure 2. The flux
density was ∼ 5 mJy at about UTC 17 hour and reached gradually to 50 mJy
at UTC 24 hour. When the observations resumed on 29 (not shown here), the
source was ”caught” at 70 mJy at UTC 16 hour, and the flux started decaying
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Figure 2. The radio light curve from GMRT at 1.28 GHz (mJy) observed on June 28, 2001 (5
min. bin).
slowly to the value of 10 mJy at UTC 24 hour. This is probably the first detail
observation of the precursor flares to the plateau state with rise and decay times
of over six hours. It is also important to note that these broad flares and the
change in the hardness ratio around June 30 set the stage for the plateau state.
These broad flares consist of mini (baby) radio flares riding above rising/decaying
radio emission. In contrast, the radio lightcurve observed on June 30 shows mini
(baby) flares riding above almost smooth radio emission (Figure 3).
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Figure 3. The radio light curve from GMRT at 1.28 GHz (mJy)observed on June 30, 2001 ( 5
min. bin).
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These isolated baby flares are modeled as adiabatically expanding synchrotron
clouds ejected from the accretion disk [6]. One such flare along with model fit
data is shown in Figure 4. This model provides estimate of the spectrum index
from single frequency observations and successfully explains the observed delay
times between different frequencies. The radio emission during these observations
is consistent with flat radio spectrum which is in agreement with observed flux
at 15 GHz.
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Figure 4. Isolated radio flare observed with GMRT at 1.28 GHz on 30 June, 2001 with model
fit (for details see text).
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